 Abstract-In this paper, the optimal sitting and sizing of photovoltaic (PV) based distributed generator (DG) and distribution static synchronous compensator (DSTATCOM) are assigned separately and simultaneously under multi-load levels in radial distribution grid. Grey wolf optimizer (GWO) is an efficient optimization technique which is applied for solving the allocation problem of PV based DG and DSTATCOM in standard IEEE 85 bus distribution system. Six load levels are considered including 25%, 50%, 75%, 100%, 125 % and 150% of rated loading for power loss minimization. Encourage results are obtained with inclusion of PV based DG or DSTATCOM in addition of that the superior case are captured with inclusion of PV units along with DSTATCOM in terms of the power losses minimization. Moreover, the simulation results verify the applicability and efficiency of GWO technique for solving the allocation problem of PV and DTSTACOM.
I. INTRODUCTION
The load requirements are increased continuously in power system which leads the transmission lines be congested and the electrical systems suffer from poor power quality. Thus, flexible AC transmission systems (FACTS) devices and distributed generators (DGs) are included into the electric power system to enhance system power quality, loadability, security, as well as for cost consideration.
Different members of distributed flexible AC transmission systems (DFACTS) have been embedded in radial distribution grids (RDGs) such as; distributed static compensator (DSTATCOM), distribution static var compensator (D-SVC) and unified power quality conditioner (UPQC). DSTATCOM is a powerful device where, it has ability to provide the controllability of the bus voltage by injection or absorption of reactive power from system based on the generated voltage by converters [1] [2] . Thereby, DSTSTCOM is utilized for minimizing the power loss, mitigating the harmonics, improving the network stability and amended the system operation [3] . Renewable based distributed generators (DGs) are wildly inserted in radial distribution grid (RDG) as an alternative solution instead of the conventional based DGs which are mainly depends upon the fossil fuels. Several technologies are emerged for renewable energy generation; the most common used technologies are solar thermal, solar photovoltaic (PV), wind and hydro types. It is well known that the renewable resources are incorporated for many economical and technical concerns [4] [5] .
Several algorithms have been used in RDG to determine the best placements and ratings of compensation device. The applied optimization techniques are based on nature-swarm inspired methods, human-inspired methods, physics inspired methods and evolutionary inspired algorithms which have been listed in [6] [7] [8] . As well as several algorithms have been also implemented for optimal inclusion of DG in RDGs such as; cuckoo search algorithm [9] , symbiotic organisms search algorithm [10] , differential evolution [11] , particle swarm optimizer [12] , moth-flame optimization [13] , etc.
Grew wolf optimizer (GWO) is an effective technique which mimics the hunting technique and hierarchy of grey wolves [14] . In this paper, GWO is implemented to find the optimal sizing and placement of PV based DG and DSTATCOMs in IEEE 85-bus RDG. The influences of insertion the PV and DSTATCOM in this network are investigated in terms of the power quality and power loss where PV based DG and DSTATCOM under multi load ranges from 25% to 150% of the rated load. The rest of the paper is organized in four sections: Section I shows the problem formulation including the objective function. Section II presents the procedure of the GWO technique. Section III presents the simulation results and the corresponding discussions. Section IV shows the conclusion of this work.
II. PROBLEM FORMULATION
The radial distribution grids (RDGs) include series branches which denote the distribution lines, balanced power nodes and constant loads in Ref. [15] Eqs. where, X n,n+1 and R n,n+1 are reactance and resistance of the line between buses n and n + 1, respectively. Q n and P n are the real and reactive powers flows, respectively. The active power losses and reactive power losses are given as follows:
The voltage stability index can be found as follows:
where, VSI (n+1) is the voltage stability index, voltage deviations of RDG can be found as follows:
where, n is number of system buses. The system equality and insulate constraints are considered as follows:
A. Equality constraints
B. Inequality constraints
I n ≤ I max,n n = 1,2,3 … , Nb
where, P s and Q s are the supplied active power and the supplied reactive powers at substation, respectively. P D and Q D are the active load and reactive load, respectively. nl is number of transmission lines in RDG. nc is number of DSTATCOMs. np is the number of PV units. V min and V max are the lower and the upper voltage limits. P D and Q D are the active reactive loads. Q DSTATCOM is injected reactive power by the DSTATCOM. P PV is injected reactive power by the PV units.
III. GREY WOLF OPTIMIZER ALGORITHM
The Grey wolves are predators living together in groups (pack). The pack of grey wolves has a special social hierarchy where the leadership in the pack is divided into four levels which are alphas, beta, omega and delta. Alpha wolf (α) is the first level in social hierarchy hence alpha wolf is the leader where it guides the pack and the other wolves respond to its orders. Beta wolf (β) is being in the second level of leadership where it helps the alpha wolf directly for the activities of the pack. Delta (δ) wolves come in the third level of hierarchy where, it follows α and β wolves [14] . The rest of wolves are the omegas (ω) which submit to whole group Fig. 2 . 
A. Social hierarchy
The best solution is considered as the alpha (α). Hence, the second and the third solution are considered as β and δ and the other solutions will be treated as ω wolf.
B. Surrounding the prey
The grey wolves encircle the prey in hunting process which can be mathematically modeled as follows:
where, t is the current iteration X p is the position vector of the prey, and X indicates the position vector of a grey wolf. A and C are coefficient vectors which can be calculated as follows by.
where, a is value that is decreased linearly from 2 to 0 with iterations.r 1 and r 2 are random numbers in range [0, 1].
C. Hunting the prey
In hunting process, the pack is affected by α, β and δ hence, the first three best solutions are saved as best agents (α,β, δ) and the other search agents are updated their positions according to the best agents as follows:
D. Attacking the prey The last stage in hunting is attacking the prey where the grey wolf attack when the prey stop moving. It can be achieved mathematically by reducing the value of a is gradually from 2 to 0 consequently, A is varied randomly with variation of a and it will be in range [-1, 1], hence the next location of search agents will be between its current position and the position of the prey.
IV. SIMULATION RESULTS
In this section GWO is applied for determining the optimal ratings and sizes of PV based DG and DSTATCOM in 85-bus system. The system data are given in [16] [17] . The system load is 25.703+ j 26.220 MVA with 12.66-kV base voltage and the single line diagram is shown in Fig. 3 . At the base case (100 % loading) the active and reactive power losses equal to 316.103 kW and 198.593 kVar, respectively. The minimum voltage value is 0.87131 p.u at bus 54. Several load levels are taken into considerations which are; 25%, 50%, 75%, 100%, 125 % and 150%. The active power losses without incorporating of PV or DSTATCOM for the previous load levels are 16 .635 kW, 70.095 kW, 166.957 kW, 316.103 kW, 316.103 kW and 827.329 kW, respectively. However, the simulation results without PV and DSTATCOM are tabulated in Table I. Judging from  Table I , the most severe case at the highest load level (150%) where the power losses increased with increasing of the load levels as well as the voltage stability decreased with increasing of the load level. Fig. 4 shows the voltage profile without PV or DSTATCOM. Referring to Fig. 4 , the minimum value of the voltage magnitude is 0.79053 p.u at bus number 54 at 150% load level.
In case of inclusion the PV unit only, the power losses are reduced to 10.517 kW for the light load level (25%) and 445.197 kW for the most severe case (150 %), respectively. Thus, insertion the PV unit can minimize the power losses considerably as depicted in Table II . The optimal location for this case at bus no. 28 and the selected best size of PV unit under different load levels are listed in Table II. Judging  from Table II and Fig.5 , it is obvious that, the voltage profile and the voltage stability are enhanced compared to the aforementioned case.
In case of inclusion the DSTATCOM optimally, the power losses are reduced to 10.817kW for the light load level (25%) and 827.329kW for the most serve case (150 %), respectively compared to first case (without PV or DSTATCOM). Thus, insertion the DSTATCOM can minimize the power losses considerably as depicted in Table  III as well as the system stability is enhanced compared to first case. The best location of DSTATCOM is situated at bus no. 29. Judging from Table III and Fig.6 , it is obvious that the voltage profile and the voltage stability are enhanced considerably compared to first case.
In case of optimal integration, the PV unit and the DSTATCOM simultaneously. The optimal ratings and locations of PV and DSTATCOM and the simulation results for this case are listed in Table IV . The power losses are reduced to 8.996kW for the light load level (25%) and 166.275kW for the most severe case (150 %), respectively as depicted in Table IV . The voltage profile of system for this case is shown in Fig. 7 , it is clear that, the voltage profile is enhanced considerably where the minimum voltage at the most severe case is improved to 0.93245 p.u. As well as the voltage stability enhanced compared to all the aforementioned cases. Table V shows the power losses for the presented cases, it is clear that; insertion of PV along with DSTATCOM is superior compared to other case. 
V. CONCLUSION
In this paper, the optimal sitting and sizing of PV and DSTATCOM are assigned separately and simultaneously under multi-load levels. Grey wolf optimizer (GWO) was applied for solving the allocation problem of PV based DG and DSTATCOM in standard IEEE 85 bus distribution system. Six load levels are considered include 25%, 50%, 75%, 100%, 125 % and 150% of the rated loading for power minimization. The investigations are performed with four studied cases which include the system without PV or compensation, with incorporating PV based DG only, with incorporating DSTATCOM only and with incorporating PV along with DSTATCM. The simulation results indicated that inclusion of PV units or DSTATCOM separately or simultaneously where the superior case is captured with inclusion of PV units along with DSTATCOM in terms of the total power losses. In addition of that the simulation results verified the effectiveness of the proposed technique for solving the allocation problem of PV and DSTATCOM in RDGs.
